utilization of the endoscopic endonasal route for intraparenchymal tumors such as hypothalamic gliomas, which are traditionally approached through various transcranial routes (pterional subfrontal, transcortical, or transcallosal) or via other minimally invasive approaches such as the supraorbital eyebrow craniotomy. [10] [11] [12] 15, [26] [27] [28] 30, 31 In the present study we report the evolution of our experience with the endoscopic endonasal approach to hypothalamic gliomas, underlining the advantages and limits of this route, and review the current literature on the subject.
Methods

Patient Population
We included every case of hypothalamic glioma treated with an endonasal endoscopic approach since 2007 (the year of the first case). These cases were selected based on the preoperative MRI findings. To determine eligibility for the endoscopic endonasal approach, we evaluated not only the location and extension of the tumor but specifically the relationship among the chiasm, the pituitary stalk, and the tumor. Every patient underwent a complete series of endocrinological baseline tests preoperatively (serum prolactin, cortisol, thyroid-stimulating hormone [ [FSH] , and gonadotropin), as well as ophthalmological and neurological evaluation, and possible signs of diabetes insipidus (DI) were also investigated. Compromise of hypothalamic function was carefully analyzed, including assessment of body mass index (BMI) (BMI standard deviation score [SDS] in children), sleep/awake rhythm deregulation, memory dysfunction, compulsive hyperphagia, and psychic or behavioral alterations. The goal of resection (simple biopsy, debulking, or radical resection) was prospectively stated in the preoperative assessment by the operating neurosurgeon. Endocrinological, neurological, and ophthalmological assessments as well as MRI studies were repeated 3 months after surgery and annually thereafter. Adjuvant therapy (chemo-and/or radiotherapy) was considered in every case. Quality of life was evaluated using the Katz index of independence in activities of daily life (Table 1) , considering 4 levels of functional outcome. 22 
Surgical Technique
The details of our technique for endonasal endoscopic surgery have been described elsewhere. 4, 27 Briefly, surgery was done with rod lens endoscopes (Hopkins II, Karl Storz; 4 mm in diameter, 18 cm in length, with 0° scope) with a high-definition camera. The patient is placed in the semisitting position, with the thorax slightly elevated on the operating table. The laryngopharynx is packed with gauze to prevent blood and fluid passage in the upper respiratory tract. We routinely use neuronavigation (StealthStation S7, Medtronic). Neuronavigation was based on a CT angiogram that was processed through StealthMerge software (Medtronic). The middle turbinate of the narrowest nasal fossa is resected while the contralateral one is laterally displaced. This is followed by a posterior septostomy to work through both nostrils. A wide anterior sphenoidotomy and monolateral anterior and posterior ethmoidectomy are then performed to expose the posterior wall of the sphenoid. Based on intraoperative anatomical landmarks (i.e., optic-carotid recess) the bony floor of the sella turcica is identified and progressively removed with a high-speed diamond drill or a Kerrison rongeur (Fig. 1A) . Bone removal is extended superiorly to the tuberculum sellae and planum sphenoidale (Fig. 1B) . The intercavernous sinus is coagulated, and then the dura mater is open superiorly to expose the suprasellar cistern (Fig. 1C) . For the intradural phase of the surgery, we fix the endoscope with a holder to adopt a "four-hands" technique.
For an intradural, intraarachnoidal lesion like hypothalamic glioma, opening of the arachnoidal layer is necessary. It is important to preserve the arachnoid covering the optic nerves and their tiny feeding vessels and the superior hypophyseal artery. We usually open the arachnoid over the visible portion of tumor. If biopsy sampling was the goal of the surgery, small fragments are removed with a Weil forceps and hemostasis is achieved with bipolar coagulation (Fig. 2) . In case of more extended tumor removal, the resection is performed with a technique similar to microsurgical resection: bimanual careful dissection of the tumor from the surrounding structures, using a cleavage plane when possible, cauterizing and cutting tumor feeding vessels, performing central debulking with the ultrasonic aspirator and suction, and then progressive centrifugal tumor removal (Fig. 3) . In this phase, angled and double-angled instruments are extremely useful to reach the tumor without injuring surrounding structures. A waterproof plastic repair is performed with the freeflap multilayer technique, adopting fascia lata and mucoperiosteum, or with the "gasket seal" technique. A single 8-cm Merocel (Merocel Corp.) is placed in both nostrils.
Results
This series includes 5 patients (3 males and 2 females) with a mean age of 32 years (range 13-44 years). Preoperative MRI studies are shown in Fig. 4 . None of the patients had received any previous treatment. The most common presentation consisted of various constellations of visual ). Two patients were obese, but none suffered eating disorders. No signs of hypothalamic dysfunction were present preoperatively in any of the 5 patients.
A simple biopsy procedure was performed in 2 cases in which there were mild visual symptoms with slow progression; an excisional biopsy to decrease mass effect was preferred in a patient with severe and progressive visual deterioration (right papillary atrophy and progressive worsening of the left visual acuity). In this latter case the tumor resection was extremely broad to decompress the optic nerves, tracts, and chiasm, and a left hypothalamic remnant was left because of its tenacious adhesion to the hypothalamus, the perforating vessels, and the carotid artery (Fig. 4B) . In 2 cases a radical resection was performed. In both patients this was done because the preoperative working diagnosis was craniopharyngioma, the intraoperative histological diagnosis was nonspecific, and the presence of a good cleavage plane allowed a safe and complete dissection of the tumor from the surrounding parenchyma.
Surgical complications included a postoperative CSF leak in 2 patients that required endoscopic endonasal revision and graft replacement. In 4 cases the histological diagnosis was pilocytic astrocytoma (PA) (WHO Grade I) and in 1 it was pilomyxoid astrocytoma (PMA) (WHO Grade II) ( Table 3) . Pathological features are reported in Table 4 . In the 4 cases of PA, microscopic examination showed a cellular, highly vascular tumor, composed of monomorphous, bipolar astrocytes, a biphasic growth pattern, Rosenthal fibers, and eosinophilic granular bodies. In the single case of PMA, neoplastic cells were arranged in a discohesive sheeting pattern, interspersed with microcytic spaces and myxoid matrix. The tumor cells were small to medium sized, with bipolar cytoplasmic processes arranged in an angiocentric fashion. Rosenthal fibers were absent and eosinophilic granular bodies were very rare.
With the exception of the 2 patients who underwent radical resection, each patient received adjuvant therapy, consisting of radiotherapy in 2 cases and an 18-month course of chemotherapy in the third. In both patients who underwent adjuvant radiotherapy, there was no further tu- The sellar bulge is clearly visible at the posterior wall of the sphenoid sinus. Superiorly the tuberculum and planum sphenoidale region is exposed (*sellar bulge; +tuberculum sellae). B: After bone removal the dura of the pituitary gland is clearly visible as well as the dura of the suprasellar space (°pituitary gland covered by dura; ^suprasellar dura). C: After opening of the dura, the suprasellar anatomy is recognizable and the tumor bulge in the hypothalamic region is shown (°pituitary gland; black arrow points to tumor mass; white arrow points to pituitary stalk). mor growth after follow-up periods of 81 and 45 months, respectively ( Fig. 4B and D) . Conversely, after chemotherapy, the tumor had totally regressed at neuroradiological imaging at a follow-up of 28 months (Fig. 4F ). Visual symptoms normalized in 2 patients and improved in the other 3. As summarized in Table 5 , worse endocrinological outcomes were correlated with the aggressiveness of the resection (the more aggressive the resection, the worse the outcome), even though endocrinological function can deteriorate after a simple biopsy procedure, as in Case 2. The pediatric patient has continued normal growth (178 cm) and normal sexual maturation. However, after surgery he gained weight (88 kg, BMI SDS 2.3), even though no eating disorder was observed. In all adults an increase of the BMI was observed in the absence of frank eating disorders, and there were no sleep/wake rhythm or memory disturbances (Table 5 ). All patients returned to normal school and work activities and were independent in the activities of daily life. No recurrences were observed after a mean follow-up period of 35 months (range 3-81 months).
Illustrative Case
Case 4
History and Examination. A 38-year-old man with progressive visual loss over 1 year was referred to our institution with a working diagnosis of craniopharyngioma. Ophthalmological assessment revealed a bitemporal hemianopia and bilaterally reduced visual acuity (6/10 in the left eye and 8/10 in the right eye). The biohumoral assays revealed a deficit of the pituitary-adrenal axis (ACTH 30 pg/ml, cortisol 24 ng/ml), hypogonadotropic hypogonadism (LH 1.0 mIU/ml, FSH 0.7 mIU/ml, free testosterone 0.6 ng/ml), and GH deficit (GH < 0.05 ng/ml). Other serum pituitary values were within normal limits. He had no history of polyuria or polydipsia, and was living a normal social and working life with no sign of hypothalamic dysfunction. At admission, his body weight was 78 kg and his height was 1.70 m (BMI 27 kg/m 2 ). A preoperative MRI study showed a suprasellar and mixed solid and cystic mass extending within the ventricle and displacing the optic chiasm anteriorly (Fig. 4G) . The stalk was recognizable below the lesion. Our preoperative diagnosis was retrochiasmatic transpeduncular craniopharyngioma mainly involving the third ventricle.
Operation. Based on this working diagnosis, we opted for an endoscopic endonasal extended transplanum/ transtuberculum approach. Intraoperatively the lesion was found to be intradural and intraarachnoidal, and presented with a small anterior cyst in the suprasellar cistern; the cyst was drained and its wall resected. A biopsy sample of the posterior, solid portion of the tumor was obtained and the intraoperative histopathological diagnosis was chronic gliosis. The residual mass was friable, with a good cleavage plane from the surrounding structures; thus it was progressively removed. The stalk was recognizable posterior to the lesion, and was preserved. The intraoperative gross pattern of the tumor and the origin other than from the stalk was inconsistent with the hypothesis of craniopharyngioma. At the end, the tumor was radically removed, and the floor of the third ventricle was recognizable and free from neoplastic remnants. Plastic repair was performed with the free-flap multilayer technique, with fascia lata, bone, and mucoperiosteum put in place according to the "gasket seal" technique.
Postoperative Course. The postoperative course was marked by typical triphasic DI, and by a postoperative CSF leak that occurred 3 days after surgery and was promptly repaired. The patient experienced immediate postoperative improvement of his visual deficit. The final diagnosis was PA (WHO Grade I), and a follow-up MRI study obtained before discharge showed complete resection (Fig. 5) . No adjuvant therapy was believed to be indicated. At a follow-up of 17 months there was normalization of his visual fields and of visual acuity. There was no improvement of his hypopituitarism, which required medical treatment, and he also had DI that was controlled with medical therapy. Follow-up MRI confirmed grosstotal resection with no evidence of residual or recurrent tumor (Fig. 4H) . The patient experienced weight gain (85 kg, BMI 29 kg/m 2 ), but no other hypothalamic sequelae were noted. He returned to his work 5 months after surgery, and at the last follow-up evaluation he reported returning to his presurgical quality of life.
Discussion
In this report we outline the evolution and results of the extended endoscopic endonasal approach in a selected group of patients with hypothalamic gliomas amenable to an approach from below, culminating with 2 patients in whom gross-total tumor removal was achieved. Initially, we adopted the endoscopic endonasal extended approach only for biopsy or debulking purposes. Moreover, in the past 2 years we have used an endonasal approach to treat 2 similar cases of hypothalamic gliomas originally suspected to be a craniopharyngioma, and we were able to achieve gross-total resection because the tumor was found to have a good cleavage plane from the surrounding structures. This suspicion arose because these last 2 cases were presenting some misleading neuroradiological features at neuroimaging. One case presented a mixed solid and cystic component, as in a craniopharyngioma; furthermore, in both cases no thickening or enhancing of optic nerves was present, and the origin of the tumor seemed to be from the pituitary stalk. Traditionally, tumors in the region of the third ventricle have been treated using a variety of different transcranial approaches (pterional subfrontal, transcortical, or transcallosal) or by using other minimally invasive approaches, such as the supraorbital eyebrow craniotomy. 3, [10] [11] [12] 15, [26] [27] [28] 30, 31 Recently, a few articles have reported the feasibility of an endoscopic endonasal approach to reach this region, 8, 9 in particular with regard to intradural extraarachnoidal lesions such as craniopharyngiomas. 13, 14 These observations and our previous experience with suprasellar craniopharyngiomas suggests that this same approach can be considered for selected patients with hypothalamic gliomas, with the goal of possible radical tumor removal, as our 2 last cases illustrated. The endoscopic transsphenoidal route was chosen because the tumor had created a corridor large enough to reach the hypothalamic region directly without any brain retraction, parenchymal incision, or vascular manipulation. 9 Furthermore, this approach has been preferred to another minimally invasive approach such as the supraorbital eyebrow, because for cases with anterior or superior displacement of chiasm such as the ones included in this series, the endoscopic endonasal approach does not require opening of the lamina terminalis, reduces the risk of damage to optic nerves or chiasm, and provides a route that follows the tumor growth direction. 10, 12, 28, 30 In our opinion, this point (i.e., the position of the chiasm in relation to the tumor and the tuberculum) is of pivotal importance to evaluate the feasibility of an endoscopic endonasal approach to the third ventricle. If the chiasm is pushed anteriorly and superiorly by the tumor, it is possible to use a corridor between the diaphragma sellae inferiorly, the inferior border of the chiasm superiorly, and the pituitary stalk posteriorly. This route is wide enough both to perform a simple biopsy of the tumor and to resect it partially or totally (Fig. 6 left) . Conversely, if the chiasm is interposed along the surgical trajectory between the tuberculum and the tumor, this route cannot be adopted, because the resulting corridor would be too narrow to maneuver the instruments safely (Fig. 6 right) . Indeed, even though in some studies an endoscopic endonasal route above the chiasm has been suggested, we considered this approach to be a major risk for visual chiasm or nerve damage. 1 Therefore, careful analysis of high-resolution preoperative imaging studies is of paramount importance before this route is considered.
In all of the cases presented, the tumor itself, displacing the chiasm and the anterior communicating artery complex superiorly, created a favorable condition for an endoscopic endonasal approach. The endoscopic endonasal approach allows the surgeon to adopt a tumor removal technique not different from the microsurgical. The surgeon can work bimanually, dissecting the tumor from the surrounding structures, and performing a progressive debulking even with the use of the ultrasonic aspirator (Cavitron, Lasersonic Corp.). [16] [17] [18] [19] [20] Furthermore, as in traditional microsurgical techniques, bleeding can be controlled with bipolar cautery or with hemostatic agents such as Floseal (Baxter). For removal of the tumor, angled instruments are extremely useful, allowing the surgeon to reach peripheral portions of the surgical field. One of the limits of this approach is represented by the narrowness of the surgical field, which can be partially resolved by performing an anterior and posterior ethmoidectomy to increase the maneuverability of the instruments and of the optics.
Our experience must be considered preliminary, and several considerations are in order. First, we ventured into the endoscopic endonasal partial and then total removal of hypothalamic gliomas only after several years of experience with this technique. Despite our extensive experience, in 2 of the 5 patients discussed, postoperative CSF leaks occurred and this complication remains one of the main limitations of the endoscopic endonasal approach applied to tumors of the third ventricle. Indeed, in these cases, after tumor removal the whole ventricular system is opened to the suprasellar cisterns, and the plastic repair should be resistant to high CSF pressure. 7, 21 The size of the bone and dura opening is relevant for postoperative CSF leakage. In this setting, the risk of a postoperative CSF leak is increased by coughing and vomiting after emergence from anesthesia. 7 Thus, special care would be taken to have a smooth arousal from anesthesia, minimizing the effects of these maneuvers. Furthermore, careful observation and patient monitoring should be performed in the first days after surgery to detect any CSF leak early, avoiding the development of meningitis. Our choice to routinely perform the plastic repair with the free-flap multilayer and/or "gasket seal" technique, not adopting the nasoseptal flap, is aimed to avoid postoperative morbidity due to the flap, which requires frequent nasal medications, and can provoke nasal crusting, bleeding, and patient discomfort for weeks or months. 2 Visual outcome was satisfactory in our series; all patients had an improvement or normalization of visual function. In our experience, to avoid postoperative visual deficits it is of paramount importance to preserve the feeding vessels of the chiasm, and in particular of the superior hypophyseal artery, as shown in Fig. 3 . A further key point is the infiltration of the tumor into the optic apparatus. In the 2 cases in which a radical resection was achieved, a clear cleavage plane without tumoral infiltration of the chiasm was present, and indeed a good visual outcome was observed. Conversely, in case of observation of optic nerve or chiasm infiltration, the tumor removal should be halted.
As expected, endocrinological sequelae are more severe in patients undergoing more aggressive surgical treatment, and this must be weighted in the preoperative planning, especially when dealing with prepubertal patients, to avoid growth arrest or infertility. Thus, for these cases a less aggressive surgical treatment followed by ad- Table 1 . ‡ In the pediatric patient BMI was expressed as SDS BMI.
Fig. 6. Schematic drawings. Left:
The chiasm is superiorly and anteriorly displaced by the tumor. A wide and direct corridor between the tuberculum sellae and the lesion can be followed to reach the tumor. Right: The chiasm is inferiorly pushed toward the tuberculum by the tumor. In this condition the endoscopic endonasal approach is not favorable to reach the tumor safely, because the chiasm is interposed in the surgical trajectory. Copyright Nicola Acciarri. Published with permission. juvant therapy can be the first choice. Conversely, in postpubertal patients the indication for a debulking or radical removal should be a balance between endocrinological morbidity, its related reduction of quality of life, and the severity of visual compromise. A postoperative weight gain occurred in all of our patients, independently from the surgical strategy. Other symptoms of hypothalamic derangement (memory compromise, sleep/wake cycle dysregulation, modification in behavior) did not occur in any of our patients. This experience is too limited to assess whether the endoscopic endonasal approach may be associated with a lower incidence of major hypothalamic compromise than other transcranial routes to these tumors.
We agree with other authors that the mammillary bodies are the posterior limit of any surgical corridor to the third ventricle and that absolute attention to sparing hypothalamic vessels is crucial to avoid irreversible consequences. 25 We believe that the preservation of the hypothalamus and of its functions in hypothalamic gliomas depends also on the tumor architecture. Indeed, tumors with compact cellularity, which mainly displaces the surrounding nerve structures, can be removed with a better preservation of hypothalamic nuclei and fasciculi than can diffusely infiltrating forms. Therefore, careful preoperative planning and excellent surgical judgment and experience are required to find that delicate balance between aggressive tumor resection and preservation of function. Even if the great majority of gliomas of these regions have high cellularity and therefore compact morphology, functional MRI studies such as tractography can be useful to distinguish between compact tumor, (displacing the hypothalamic fasciculi) and dispersive tumors, (infiltrating and not displacing the fasciculi).
Conclusions
We report the evolution of the extended endoscopic endonasal approach to selected patients with hypothalamic astrocytomas treated by an approach from below. This initial experience may suggest that, in selected cases, the endoscopic endonasal approach allows the surgeon to remove the tumor with a microsurgical technique as well. This route requires particular anatomical conditions: the chiasm and anterior communicating artery should not be interposed along the surgical trajectory between the surgeon and the target. The endoscopic endonasal approach permits dissection and resection of the tumor while avoiding any brain manipulation or retraction. Cerebrospinal fluid leakage remains the main limitation of this surgery.
Our series has some limitations related to the relative rarity of these tumors, hence the small number of patients included. The follow-up is relatively short and the number of patients too small to make definitive conclusions regarding long-term results. Nevertheless, the preliminary experience from our group with this approach outlines possible future areas of investigation in our quest for less invasive techniques for complex midline intracranial tumors. In particular, in the case of an intraoperative finding of an unexpected intraparenchymal lesion, while performing an endoscopic extended approach for a presumed craniopharyngioma, tumor removal can be technically possible. Considering that a more aggressive surgery is associated with worse endocrinological outcome, we think that it still is an open question whether radical removal is an advisable goal for hypothalamic gliomas, and it should be planned by evaluating the balance of endocrinological morbidity, related reduction of quality of life, and the severity of visual compromise.
